Abstract: We extract the mass spectra of triply heavy bayon Ω ccb using Hypercentral constituent quark model. The first order correction is also added to the potential term of Hamiltonian. The radial and orbital excited state masses are also determined. Moreover, the Regge trajectories and magnetic moments are also given for this baryon.
Introduction
Last year, the affirmation of particles have been found in heavy hadron sector. LHCb has determined the five excited states of Ω c baryon and the ground state of Ξ ++ cc baryon [1, 2] . Laterally, Belle-II also approved the excited states of Ω c baryon [3] . Reviewing the heavy baryon sector, we can observe that the ground states of singly heavy baryons and two doubly heavy baryons are known experimentally till now [4] . And most of the excited state masses are well-known only for the singly heavy baryons in charm sector [5, 6] . Now, we can expect such discovery of triply heavy baryons as well. The triply heavy baryon is a combination of three heavy quarks (c and/or b). These baryons are at the top most layer of SU(3) flavor symmetry. The spectroscopic properties of triply charm Ω ccc and triply bottom Ω bbb baryons have already been produced in our recent work [7] . In this article, we discuss, one of the triply heavy baryon which is Ω ccb . Many theoretical approaches have determined the masses of this baryon. They are, non-relativistic quark model [8] , Fadeev approach [9] , Sum rules [10] [11] [12] , Bag model [13] , di-quark model [14] , Lattice QCD [15] , relativistic quark model [16] and variational cornell [17] .
The hypercentral constituent quark model (hCQM) with color Coulomb plus linear potential has been used for systematic calculations of this baryon. Here, we have also incorporated the first order correction to the potential energy term of the Hamiltonian as it was in case of quarkonia [18] . The excited state mass spectra of heavy flavor baryons (singly, doubly and also some triply) are determined in our previous work using the same model [5, 7, [19] [20] [21] [22] . Likewise, here, we determined the mass spectroscopy of Ω ccb baryon which is a combination of two charm and one bottom quark. We also construct the Regge trajectories for these baryons in the (n, M 2 ) and (J, M 2 ) planes, where one can test several properties from the graph such as linearity, divergence, parallelism. We also calculate the magnetic moment for the ground state mass. We calculate it for both J P = 1 2
This paper is organized as follows. A description of the hypercentral constituent quark model (hCQM) is given in Section 2. A systematic mass spectroscopy calculation has been performed in this model and we analyze and discuss our results in Section 3. We also plot the Regge trajectories and moreover, the magnetic moments are also determined. Finally, we draw conclusions in Section 4.
The model
The Hyper central Constitute Quark Model(hCQM) has successfully given the mass spectroscopy of the baryons in heavy sector [19] [20] [21] [22] [23] . We use the same methodology in this paper. The brief description of hCQM model is as follows:
The relevant degrees of freedom for the motion of heavy quarks are related by the Jacobi coordinates ( ρ and λ) are [24] [25] [26] 
Here m i and r i (i = 1, 2, 3) denote the mass and coordinates of the i-th constituent quark. Here, we only , Ω ccb system, so that (i= 1,2) for c quark and (i=3) for b quark. The Hamiltonian of system is defined as
where m is the reduced mass and x is the six-dimensional radial hyper central coordinate of the three body system. The respective reduced masses are given by
In the center of mass frame (R c.m. = 0), the kinetic energy operator can be written as
where
is the quadratic Casimir operator of the six-dimensional rotational group O(6) and its eigenfunctions are the hyperspherical harmonics
Here, γ is the grand angular momentum quantum number.
The reduced six-dimensional hyperradial Schrodinger equation corresponding to the Eqn. (2) of Hamiltonian can be written as
The hypercentral potential V(x) as the color Coulomb plus linear potential with first order correction as well as spin interaction is defined by [18, [27] [28] [29] ]
Here, the hyper-Coulomb strength τ = − 2 3 α s where α s corresponds to the strong running coupling constant; 3 Mass spectra, Regge Trajectories and Magnetic moments
The ground state (1S), radial excited states (2S-4S) and orbital excited states (1P-5P, 1D-4D, 1F-2F) are calculated for Ω ccb in this paper. We consider the total spin S= Tables (2-3) . We do not have many theoretical prediction of masses to compare with our outcomes, though available predictions are mentioned. [8] . As per our knowledge, we are first to determine the F states of this triply heavy Ω ccb baryon.
Regge Trajectories
The calculated masses are used to plot the Regge trajectories for triply heavy Ω ccb baryon in the M 2 → n and M 2 → J plane. We use
where β, α, and β 0 , α 0 are the slope and intercept, respectively, and n=n-1, where n is the principal quantum number. The values of β and β 0 are shown in Table 4 and the values of α and α 0 are shown in Table 5 . As described in the previous section, we have calculated the masses of the S, P and D states which are used to construct Regge trajectories. The ground and radial excited states S with J P = 1 2 + and the orbital excited state P with
+ are plotted in Fig. (1) in (n, M 2 ) plane. The Regge trajectories for natural and unnatural parities are drawn in Fig. (2) [32]. Straight lines were obtained by linear fitting in both figures. We observe that the square of the calculated masses fits very well to a linear trajectory and is almost parallel and equidistant in the S, P and D states. We can determine the possible quantum numbers and prescribe them to a particular Regge trajectory with the help of our obtained results. 
Magnetic moments
The magnetic moments of baryons are obtained in terms of the spin, charge and effective mass of the bound quarks as [5, 23] 
where e i is a charge and σ i is the spin of the respective constituent quark corresponding to the spin flavor wavefunction of the baryonic state. The effective mass for each of the constituting quarks m ef f i
can be defined as
where H = E + V spin . The spin flavor wave function and magnetic moments of the baryon is given in Table  (6) .
Conclusion
We discuss the baryon with the combination of two charm quark and one beauty quark in this paper. The Ω ccb baryon is unknown from experimental side. The mass spectra of Ω ccb baryon are listed using the Hypercentral Constituent Quark Model starting from S state to F state. We also added the first order correction to the potential (see Eqn. (6)), the results without correction(A) and with correction(B) are tabulated in Tables  (1-3 ). The ground states have already been studied by various models and the results of some of them are in same range of our prediction. Although, the excited states are calculated by very few theorist. We also notice that first radial(2S) and orbital(1P) excited states masses are in range with other predictions. While for higher excited state 1D, the difference is higher. The 2S state is only determined by Roberts et al. [8] as per our knowledge. Their values are 74(84) MeV lesser for 2S state. Although, the difference between the isospin doublet states are 16 MeV in [8] and in similar manner our 2S state masses ( The first order correction for the excited state varies from 0.1% -0.4% for 1S-4S and 1P-4P states; 0.2% -0.5% for 1D-4D states; 0.3% for F states. It is clear from the results that as we move towards the higher excited states, the contribution of the correction is increasing simultaneously. It will be interesting to see this effect of correction in the light sector baryons [36] .
The paper also features the values of ground state magnetic moments of Ω ccb and Ω * ccb baryons. Our obtained results are reasonably close to the other predictions. The acquired Regge trajectories will also be helpful to define unknown states of Ω ccb baryon and J P values can be assigned.
